. The origin of metazoans, multicellular animals that relied on microbes as a food resource, is less well documented. The oldest proven metazoan body fossils are in the Ediacaran System (0.55-0.67 Gyr) of southeast Australia (17). The complexity and diversity of the fauna suggest that these animals had a history that extended further back than Ediacaran time. Furthermore, amino acid sequences in 02-binding proteins suggest the radiation of animals took place at or before 0.9-1 Gyr (18). Although older body fossils have not been identified, trace fossils such as tubes of benthic animals range to 2 Gyr (19), and fecal pellets, burrows, and trails of benthic animals are widespread in rocks younger than 0.68 Gyr (20).
Possible fossil microbes and biochemicals occur in highly metamorphosed metasediments as old as the 3.8-gigayear (Gyr) Isua Iron-Formation (Fm) (refs. [1] [2] [3] , and unpublished observation). However, the earliest generally accepted evidence of life is siliceous stromatolites formed by littoral, benthic bacteria in cherts of the 3.5-Gyr Warrawoona Group (4) . By 1.9 Gyr, a diverse prokaryotic microflora was established, which is preserved in cherts of the Gunflint Iron-Fm (5-9). The currently accepted date for the origin of unicellular eukaryotes is 1.4 Gyr (10) ; however, some diagnostic fossils in the Gunflint and its lateral equivalents suggest eukaryotic algae might have been in existence by 1.9 Gyr. Eosphaera in the carbonate facies of the Gunflint may be an ancestor of Volvox (11) , the colonial -green alga. Organic-walled structures (12) in Michigamme Fm coal are probably Botryococcus, § the colonial green alga that formed boghead coals since at least Late Proterozoic time (13) . From 1.3 Gyr on, there is increasing evidence for periodic radiations of both eukaryotic and prokaryotic algae (14) (15) (16) .
The origin of metazoans, multicellular animals that relied on microbes as a food resource, is less well documented. The oldest proven metazoan body fossils are in the Ediacaran System (0.55-0.67 Gyr) of southeast Australia (17) . The complexity and diversity of the fauna suggest that these animals had a history that extended further back than Ediacaran time. Furthermore, amino acid sequences in 02-binding proteins suggest the radiation of animals took place at or before 0.9-1 Gyr (18) . Although older body fossils have not been identified, trace fossils such as tubes of benthic animals range to 2 Gyr (19) , and fecal pellets, burrows, and trails of benthic animals are widespread in rocks younger than 0.68 Gyr (20) .
Detection of the time of metazoan origin has several constraints. The first is ecological: the abundance of a consumer is less than its resource, suggesting that metazoans initially were rare. The probable small size and soft-bodied nature of early consumers is another constraint that likely resulted in poor preservation in the fossil record. Metazoans, just like algae, may have begun as plankton (10, 19, 21) . Plankton are less likely than benthos to leave body fossils or traces because of their small size, light structure, and aquatic habitat. Today, remains of planktonic animals consist primarily of fecal pellets. Microcrustacean fecal pellets predominate in modem sediment, but pellets of microscopic worms and salps as well as bodies of ciliates that resemble fecal pellets also have been identified (refs. 22-26 ; M. Silver, personal communication). Pellets that are predominantly from copepods accumulate today in low-energy anoxic waters of either silled marine basins or rift-valley lakes ( Fig. la) (27, 28) . Body parts are rare both in modem sediments and in the fossil record, although there are exceptions such as those of the Ediacara and Burgess faunas. The usual explanation for their absence is that chitin is rapidly degraded (29) (30) (31) . We confirmed this by aging modem copepod chitin under nonsterile and sterile conditions at 20'C and observed complete dissolution by 16 and 32 weeks, respectively. Therefore, the history of such animals is probably going to be written by their fossilized fecal pellets.
In this study, we applied a palynological technique that isolates soft microfossils in our search for remains of the oldest metazoans. Instead of studying oxide, silicate, or carbonate facies rocks (32) sampled by earlier authors, we sampled the pyrite-bearing rocks of anoxic basins. We studied kerogen in the sulfide facies because anoxic basins are modern depositional analogues that enhance organic preservation in sediments (28, 33) .
MATERIALS AND METHODS
Samples. We solicited samples of dark gray and black laminated shale and slate from Cambrian, Proterozoic, and Archean rocks. These were from rocks that are thought to have been formed in anoxic, nonbioturbated environments. Table 1 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Fig. 1 b-h ). The pellets, part of the silt-sized fraction of the rocks, are cylindrical objects with average dimensions of 50 x 110 ,um ( Table 2 ). Fig. 2 shows the size-frequency distributions for selected ages. The pellets appear to have been compacted, lithified, and degraded. Some are evenly tapered, and others are bent, much like pellets seen in modem muds (Fig. la) . Unquestionable pellets were identified only in samples from rocks 1.9 Gyr or younger, with an increasing abundance in progressively younger rocks (Table 3) . When all rock samples with pellets were considered, the average confidence value was +2.4 (on our scale of 0 to +4), indicating overall certainty of pellet presence.
Some of the rock samples were analyzed chemically for their content of organically utilized elements (Table 4) .
The sample from the Middle Cambrian Burgess Shale contains abundant well-preserved fecal-pellet microfossils (Fig. 1d) . The black massive shale was probably deposited in deep anoxic waters in front ofa fore-reef slope (59) (60) (61) (33, 65) . This mechanism is consistent with depositional models suggested for the Fauquier Fm and Great Smoky Group.
Rocks with known Late Proterozoic body fossils include the Ediacaran System with faunas represented in Australia, Africa, the Soviet Union, and other localities (17, (66) (67) (68) (19, 69, 70) . Sedimentary structures interpreted as trails and burrows also have been located, but their identity is debated (20, 71) . Because trace fossils of this age exist, the presence of pellets of microscopic animals in rocks from appropriate depositional environments of the same age is not surprising.
The Early Proterozoic samples examined, although of proper lithology and structure (Table 1) , contain substantially fewer well-preserved pellet microfossils than do samples from younger rocks (Table 3) . Sixty-one percent of the Early Proterozoic shale samples bear pellet microfossils whose confidence rating (+2.5) is similar to that of the Middle Proterozoic rocks (Table 3) . Tissues in the Rove Fm are dark medium brown to very dark brown (Table 2 ), indicating they are not carbonized. Thin sections of the Rove show pellet microfossils in situ (Fig. le) , confirming they are not artifacts of preparation. Almost all tissues in the Gunflint Iron-Fm are carbonized and cannot be identified as fecal pellets with any degree of certainty.
A geographic or ecological restriction may have limited the distribution of early pellet-producing animals. Only one previously published report of tube structures suggests the existence of Early Proterozoic metazoans in >2-Gyr-old deposits located in Wyoming (19) . Several tubes resemble fecal pellet-or mucus-lined burrows similar to those of modem arthropods. If these early "dubiofossils" of Kauffman and Steidtman are biological in origin, their existence supports our interpretation of fecal pellet-producing metazoans in Early Proterozoic time.
The 16 rocks of Late Archean age do not contain pellet microfossils despite their lithologies, their structures, and their global distribution. Pellet-like clear particles coated with black minerals (?) or carbonized tissues (?) occur in the laminated calcareous shale of the Point Lake Fm ( Table 1) . The calcareous nature of that rock unit makes study and identification of organic tissues difficult. Tissues in calcareous rocks usually are poorly preserved because of the reaction between HCl and fecal pellets composed of calcareous algae, or else because of a reaction between alkaline pore waters and organic tissues during deposition. No evidence of animal life has been reported in rocks of this age. (29) show pellets in unprocessed rock (Fig. le) Although it is relatively easy to recognize fecal pellets in the kerogen of recent sediments and rocks that'have not been thermally altered (27, 72) , there are other types of particles that superficially could resemble fecal pellets. The possibility of blue-green algal filaments mimicking fecal pellets in the 50 x 110 ,um size range is a constraint to the absolute identification of fossil fecal pellets. In addition, pellet-shaped particles found in modem sediment traps are occasionally bodies of ciliated protozoans (25) .
We believe that further research on the origin of animals should focus on the search for body parts of the animals that excreted the fecal pellets. Animals that leave these kinds of remains include benthic polychaetes such as Capitella that live in sulfide-rich anoxic muds (22) , ciliates such as Metacystis? that resemble fecal pellets (M. W. Silver, personal communication), or planktonic microcrustaceans such as copepods. Calcareous black laminated shale and slate of Proterozoic age should be processed with 15% acetic acid, using the technique described by Muller (63) to locate and identify the elusive animal body parts. Another possibly useful technique might be x-radiography of black shale (73) .
On the basis of size and shape, chemistry (Table 4) , depositional history, and lithology, we postulate that the pellet-shaped microfossils are the fecal pellets of metazoans. Furthermore, the early animals may have been planktonic in habit, although we cannot exclude the benthos. If these microfossils are fossilized fecal pellets of zooplankton, whatever the type, they provide the earliest fossil evidence of metazoan life, at about 1.9 Gyr. The diversification of algae at and after this time provides further evidence about the origin of grazing metazoans. Diversification may have been a coevolutionary response of algae to an increase in abundance and diversity of animals capable of cropping them. Many morphological and chemical features of modem algae represent highly coevolved anti-herbivore devices: tough cell walls, indigestible resting cells, mucilaginous sheaths, coloniality, and toxicity (74, 75) . Some of these features also are seen in the algae accompanying pellets in the Early Proterozoic rocks.
